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'The  purpose  of  this  project  was  to  advance  the  understanding  of  the 
propagation  of  ultrafast  picosecond  electromagnetic  pulses  in 
Biological  solutions  and  ultimately,  in  human  tissue.  Present  day 
standards  of  the  allowed  electromagnetic  doses  do  not  include 
dispersion,  modulation  or  envelope  effects,  memory  or  nonlinearity. 
It  is  well-known  experimentally  that  biological  solutions  are  highly 
dispersive.  It  is  plausible,  but  not  established,  that  modulation, 
memory  and  nonlinearity  may  be  important  in  biological  solutions. 
Hence,  this  project  represents  a  first  step  toward  better  standards. 
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1 .  Discussion 


The  purpose  of  this  project  was  to  advance  the  understanding  of  the  propagation  of 
ultrafast  picosecond  electromagnetic  pulses  in  Biological  solutions  and  ultimately,  in  human 
tissue.  Present  day  standards  of  the  allowed  electromagnetic  doses  do  not  include 
dispersion,  modulation  or  envelope  effects,  memoy  or  nonlinearity.  It  is  well-known 
experimentally  that  biological  solutions  are  highly  dispersive.^  It  is  plausible,  but  not 
established,  that  modulation,  memory  and  nonlinearity  may  be  important  in  biological 
solutions.  Hence,  this  project  represents  a  first  step  toward  better  standards. 

The  research  completed  under  this  grant  involved  the  study  of  the  dispersive  dielectric 
response  functions  6  (o))  and  €  (oi,  of  water,  with  an  emirfiasis  on  distilled  water  in  the 
temperature  range  0°C  <  T  <  100°C.  This  fluid  is  85%  of  die  tissue  which  die  Radiation 
Analysis  Group  of  the  Brooks  Air  Force  Base  must  understand  for  decisions  involving 
health  and  safety.  It  represents  a  first  step  toward  understanding  pulses  in  tissue.  S<xne 
work  was  also  addressed  toward  understanding  pulses  in  tissue.  Some  work  was  also 
addressed  toward  understanding  the  complications  which  are  introduced  by  membranes. 
The  I0-50A  membrane  widths  act  as  sharp  interfaces  to  the  microwave  carrier  with 
wavelength  A.  '**  1  cm,  and  some  membranes  have  a  strong  stem-layer  electrostatic  potential 
~10*  V/cra  This  work  is  continuing  with  the  suppmt  of  a  three  year  DARPA  research 
grant,  AFOSR  90. 

The  purpose  of  the  dielectric  response  work  is  to  produce  better  models  of  the 
dispersion  which  are  consistent  with  all  available  experimental  data.  Reichl  and 
collaborators^  ^  have  generalized  the  rotational  Brownian  motion  of  McConnell^  to  include 
memory,  as  well  as  inertia  effects  in  €  (o)).  This  has  been  extended  using  quantum  field 
theoretic;  QFT,  methods  and  the  Kubo  formula  to  include  noore  general  rotations,  the 
effects  of  pressure  and  temperature  and  to  show  the  classes  of  density  fluctuations  in  x 
which  give  spatial  dispersion,  ie,  the  k-dependance  (tf  €  (q)i,  ^  The  presence  of  spatial 
dispersion  requires  a  mote  general  treatment  of  the  ultrashon  pulses,  ie  whereas  e  (<o) 
lives  on  the  upper-half  complex  plane  the  response  e  (ca,  lives  on  some  Riemann  surface 

which  is  determined  by  the  k-dependance. 


2.  Talks  and  Publications 


Three  talks  were  presented  on  this  work. 


1 .  A  one-hour  plenary  address  was  delivotd  at  the  700th  Birthday  celebration  of  the 
University  of  Montpellier  in  December  1989  at  the  international  meeting.  RCP  264. 
The  manuscript  of  this  talk  will  be  published  in  1990  by  Springer- Verlag  in  Volume 
2  of  their  new  series  on  Theoretical  Imaging  and  Inverse  Problems  with  Professor 
P.C.  Sabatier,  Editor.  The  talk  gives  a  review  of  this  project  fcr  non-biologists  and 
a  copy  is  included  in  this  report. 

2  .  A  thirty  minute  invited  talk  entided  Dispersive  Wave  Propagation  in  Biological 
Solutions  was  presented  at  the  University  of  Alabama-Birmingham  Conference  on 
Differential  Equations  and  Mathematical  Physics  in  March  1990.  A  Xerox  copy  of 
the  abstract  to  diis  talk  is  included  as  part  of  this  report 

3 .  A  poster  paper  was  presented  at  die  NSF-CBMS  Conference  on  Wavelets  at  Lowell 
University  in  MA  in  June  1990.  The  title  of  the  paper  was,  "Wavelets  in  Inverse 
Scattering."  and  the  Workshop  entitled,  "Applications  to  physics  and  inverse 
problems,"  was  chaired  by  DeFacio.  A  ct^  of  the  PreUminary  Program  is 
enclosed  with  a  copy  of  the  posters.  One  publication  on  the  project 
entitled"Classical,  Linear,  Electromagnetic  Inqiedance  Theory  with  Infinite 
Integrable  Discontinuities"  has  been  accqited  and  is  scheduled  to  appear  in  the 
Journal  of  Mathematical  prqier  which  treats  etectromagnetic  scattering  fimn 
materials  bearing  infinite,  integrable  discontinuities  as  relevant  to  the  membrane 
problem.  Dr.  Albanese  is  (and  two  oi  his  co-woikers)  are  thanked  in  the 
Acknowledgement  of  this  paper  for  an  excellent  question.  This  work  is  relevant  to 
the  formulation  of  E  and  M  scattering  by  membranes  in  a  bitdogical  solutioiL 


3.  Follow'on  Studies. 

The  work  to  date  has  shown  that  the  permanent  electric  dipole  moment  of  water  can 

be  obtained  from  an  effective  potential  model  using  a  Lenard- Jones  potential  in 
dimensioidess  radius  r. 


Vu(r)  =  V„[Jj.i].  (I) 

The  dispersive  dielectric  response 

.  1  ■  to  f  d, 

€o-e«»  j,  (pi  (0)fe 


(2) 


was  to  be  found  using  QFT  to  approximate  the  thermal-equilibrium  dipole  conelation 
functions  <->£q  instead  of  rotational  Brownian  motion.  If  these  results  by  the  PI  hold  up 
using  a  more  realistic  Morse  potential,  x  =  LyU , 

Vm(r)  =  Vo[e-2a*-2e-“*].  (3) 

in  the  MS  thesis  now  underway  by  Mr.  James  McQune,  at  Missouri,  they  will  be 
submitted  for  publication  at  the  end  of  the  summer. 

Two  sources  of  x-dependance  (k-dependance  in  Fourier  transform  variables)  have  been 
identified.  One  is  bubbles  or  cavitation  which  scatter  the  propagating  electromagnetic 
wave.  The  other  is  "clusters”  or  "fluid  cells”  which  serve  as  time-dependent  coherent 
structures  in  the  fluid. 


There  is  a  lot  of  informatitm  in  die  detailed  structure  of  the  formation  of  Somn^rfeld 
and  Brillouin  precursors  in  a  dispersive  mediunL  The  (small)  disagreement  between  the 
experiment  by  Albanese,  Penn  and  Medina^  and  Brilkxiin's  1914  asymptotic  expression 
shows  that  the  model  dielectric  respmise  which  he  used. 


(<D  +  <nc)(<o  +  CDD) 


(4) 


is  incorrect  in  biological  solutions.  (It  seems  to  be  experimentally  correct  in  YtFe-Gamet 
fibers,  however.)  The  idea  which  is  being  explcned  is  that  a  small  conecticHi  to  Eq.  (4), 
above,  is  needed  and  that  experiment  will  choose  from  one  of  the  theoretical  calculations. 
It  is  emphasized  that  a  model  interaction,  Eqs.  (1)  or  (3)  from  molecular  physics  are  used 
and  the  cotrelation  function  is  calculated  approximately.  Wavelets  together  with  inverse 
scattering  techniques  are  being  used  to  find  the  experimental  dielectric  response.  It  will  be 
necessary  to  fonnulaie  the  memory  and  non-linearity  ocxrectly  to  extract  the  infbrmatitMi  in 
the  pulse  propagadon  in  these  highly  dispersive  media.  This  infoimation  will  require 
careful,  painstaking  study.  However,  it  will  make  a  scientific  determination  d  the  effects 
of  microwave  on  tissue  possible,  for  the  first  time. 
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Di«peniv«  Wave  Propi^pition  in  Biological  Solutions* 

B.  DcFacio 

Biological  solutions  are  experimentally  known  to  be  highly  dispersive  media  for 
electromagnetic  wave  propagation.  Some  work  on  the  dielectric  response  of  these 
solutions  which  includes  inertia  and  memory  effects  will  be  presented. 

The  time-domain  electromagnetic  wave  propagation  in  these  media  will  be  discussed 
with  particular  attention  paid  to  dispersion  effects.  A  wavelet  ^proach  in  a  special 
time-frequency  phase  space  is  given  next.  The  phase  space  is  cut-off  on  the  time  side 
to  accmninodate  physical  causality.  Some  imphcations  for  inverse  scattering  theory 
are  mentioned. 

*  Work  supported  in  part  by  AFOSR  Grant  39-0311. 
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NSF/CBMS  Conference  on  Wavelets:  Preliminary  Program 


the  second  floor  of  ibe  Olsen  (math)  building. 
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